A detailed analysis of the foF2 data at a series of ionospheric stations is performed to reveal long-term trends independent of the long-term changes in geomagnetic activity during the recent decades (nongeomagnetic trends). The method developed by the author and published earlier is used. It is found that the results for 21 out of 23 stations considered agree well and give a relative nongeomagnetic trend of −0.0012 per year (or an absolute nongeomagnetic trend of about −0.012 MHz per year) for the period between 1958 and the mid-nineties. The trends derived show no dependence on geomagnetic latitude or local time, a fact confirming their independence of geomagnetic activity. The consideration of the earlier period for a few stations for which the corresponding data are available provides significantly lower foF2 trends, the difference between the later and earlier periods being a factor of 1.6. This is a strong argument in favor of an anthropogenic nature of the trends derived.
Introduction
Studies of the long-term changes (trends) in the parameters of the upper atmosphere and ionosphere are currently very popular. Several groups of authors (Bencze et al., 1998; Bremer, 1996 Bremer, , 1998 Bremer, , 2001 Danilov and Mikhailov, 1998 , 1999 Givishvily and Leshchenko, 1993, 1994; Jarvis et al., 1998; Marin et al., 2001; Marin 2000, 2001; Upadhyay and Mahajan, 1998 ) studied trends of the F2-layer parameters, hmF2 and foF2. The results of these studies differ significantly, both by the methods of trend revealing used and the results obtained (see the recent review by Danilov, 2002a) . The reason for such "popularity" of the searches for long-term trends of the F2-layer parameters is that the verCorrespondence to: A. D. Danilov (adanilov99@mail.ru) tical sounding data used to derive these trends are the only ground-based data available for several decades, providing a possibility to find whether there are long-term trends in the upper atmosphere (in the thermosphere, in particular) of an anthropogenic origin similar to those found in the middle atmosphere. Danilov and Mikhailov (1998; 1999) were the first to attract attention to the fact that the trends of the critical frequency foF2 obtained at different stations demonstrate a dependence on the station geomagnetic latitude decreasing with a decrease in . This was an important starting point for the concept that the trends found by the so-called relative trend method (for details see Danilov, 2002a) are related to the changes in geomagnetic activity during the recent decades. Marin (2000, 2001) and Marin et al. (2001) further developed this concept and claimed that the foF2 and hmF2 trends manifest the long-term changes in geomagnetic activity during the period of observations. The above authors demonstrated, in particular, that the foF2 trends obtained undergo diurnal variations and variations with the geomagnetic latitude, which indicate a relation between the Ap geomagnetic index and the foF2 trends.
However, Danilov (2002a, b) demonstrated that the longterm changes in the geomagnetic activity cannot alone be responsible for the foF2 trends observed. For some time intervals (for details and examples see Danilov, 2002b) there are no systematic changes in Ap at all but significant trends of foF2 are distinctly seen in the ionospheric data. This was the starting point of the concept suggested by Danilov (2002b) according to which the foF2 trends found by the relative trend method and studied in detail by Mikhailov (1999, 2000) and Marin (2000, 2001) and Marin et al. (2001) are a combination of two effects: the geomagnetic trend caused by the long-term changes in geomagnetic activity and a nongeomagnetic trend (i.e. the trend independent of geomagnetic activity). The nature of the latter trend is not finally clear, but there is a significant chance that if it exists, it is of an anthropogenic nature. Danilov (2002b) developed a method to reveal nongeomagnetic trends in foF2 against the background of the variations of this parameter with geomagnetic activity and described in detail the work of the method using the data on foF2 measured at the Sverdlovsk ionospheric station (ϕ = 56.7 N and = 48.4 N) . A summary of the trend determination for the Irkutsk station (ϕ = 52.7 N and = 41.1) was also presented. For both stations a significant nongeomagnetic trend (k(tr) = −0.00115 per year and −0.00128 per year, respectively) was found.
In this paper the method developed by Danilov (2002b) is applied to a set of ionospheric stations and the results obtained are analyzed in terms of the trend dependence on the geographic and geomagnetic coordinates, local time, and period of observation.
The method and data
Actually, Danilov (2002b) proposed two methods to derive the nongeomagnetic trend. It was demonstrated that both methods give almost the same results. This is why in this study we used only one of the methods (called in Danilov, 2002b as Method I). It is worth mentioning briefly the essence of the method.
The method is based on the assumption that the observed trend of foF2 k(obs) is a result of a linear combination of two different trends: the geomagnetic trend (i.e. the trend caused by the long-term changes in geomagnetic activity) and the nongeomagnetic trend k(tr). It is also assumed that the changes in geomagnetic activity are described by annual mean values of the Ap index and that the geomagnetic trend in foF2 (or hmF2) is proportional to the changes in Ap (to the gradient of Ap k(Ap)) for the period considered. In such a case we have a very simple formula for k(tr):
To describe the Ap changes in each 30-year interval we used the coefficient k(Ap) of the Ap linear regression within the interval considered: Ap(X) = Ap(X 1 )+k(Ap)(X−X 1 ), where X 1 is the first year of the interval in question and X is the current year. Actually, k(Ap) is merely the slope of the linear approximation of the Ap value plotted versus the years of the given interval.
The coefficient a 1 is, first of all, a scaling coefficient, which takes into account different values in which k(obs) and k(Ap) are obtained due to the difference in absolute values of δfoF2 (the difference between the observed and model values of foF2 in relative units used in the relative trend method as a main parameter temporal changes of which are analyzed) and Ap. However, it was assumed by Danilov (2002b) that the a 1 coefficient also includes the efficiency of the magnetic activity impact on foF2 and so it might change with local time and from one station to another. The data described in this paper confirm this assumption completely.
There is no way to measure or evaluate the a 1 coefficient directly. Danilov (2002b) proposed the following method of a 1 determination. The entire time interval studied (for example, 1948-1994 for the Sverdlovsk station in Danilov, 2002b ) is split into running 30-year intervals (1948-1987, 1949-1988,..., and 1965-1994) . The foF2 trend value k(tr) is found for each interval with various values of a 1 . The requirement is superimposed so that there should be no correlation of the values k(tr) obtained for each 30-year interval and k(Ap) values for the same interval. This requirement is very simple and follows from the essence of the nongeomagnetic (independent on geomagnetic activity, i.e. on k(Ap)) trend we are looking for. However, this requirement makes it possible to find the a 1 coefficient unambiguously. To make "no correlation" more specific we may say that the modulus of the correlation coefficient r[k(tr), k(Ap)] between k(tr) found and k(Ap) over all the 30-year intervals should be less than 0.1. Actually, the computer program (see below) was looking for a minimum in the r[k(tr), k(Ap)] value, so in the real calculations considered in this paper the value of r[k(tr), k(Ap)] in the majority of cases was much less that 0.01 and very often was close to 0.001 (see tables below).
The values of k(tr) obtained for each 30-year interval were then averaged over all the 30-year intervals and this provided a k(tr, ave1) value for the particular moment of LT. The procedure was performed for every even LT hour for every station.
A computer program was developed to perform the analysis described above and to find k(tr, ave1) values. The input data were the initial ionospheric data, the 12-month smoothed E81 index, and the annual mean Ap values. As an output the program provided k(tr, ave1), its standard deviation σ due to the averaging of k(tr) over all the 30-year intervals, the a 1 coefficient and the minimum modulus of the r[k(tr), k(Ap)] value it succeeded to reach.
To apply the method to a big set of data, we took the data of 23 ionospheric stations of the western hemisphere. The data were collected from different sources, including CDs, Internet, World Data Center B in Moscow, and the Geophysical Databank collected in the Moscow ISES Warning Center.
The first requirement of the data was very simple: there should be not less than 30 + 5 years of permanent observations. The 30-year length and the number 5 represent the shortest interval length and the least number of 30-year intervals for which the procedure described is stable and provides reliable results. These values were found empirically by playing with the program. It is worth noting that only for one station chosen (Mundaring, see below Table 3 ) there were 5 intervals and for one station (Dikson) there were 6 intervals. For the majority of the stations considered the above number was 8-10.
The second requirement was that the time interval of data available should last at least to the beginning of the 1990s (to 1991). Again, the data for only one station (Irkutsk) stopped too early. For one more station (Dikson) the data stopped in 1992. The majority of the stations covered a significant part of the 1990s (see below Table 3 ).
Many ionospheric stations were opened and started regular operation during the International Geophysical Year, so data for them are available after 1957. Since in the process of 12-month smoothing we lose one year in the beginning and at the end of any data set, the analyzed period for many stations started in 1958. This is why for the main analysis we took for all stations the period from 1958 to the end of the available data. The stations Tashkent (the analyzed interval begins in 1962), Mundaring (1960) , Ashkhabad (1959) present exceptions (see Table 3 ), since they started operations a few years later. For the Irkutsk station the entire period of observation was taken, so the analyzed period was 1949-1991. The stations for which there are data for a considerable period before 1958 will be particularly considered below.
Contrary to the papers dedicated to relative trend determination (Danilov and Mikhailov, 1999; Marin, 2000, 2001) , in this paper we used as a solar activity index not the sunspot number R12, but the index E81 proposed and provided by Tobiska et al. (2000) . This index is much more closely related to the solar UV radiation forming the F2-layer, so one may expect this index to be better for getting rid of the changes induced by solar activity variations. To have the same smoothing for both foF2 and solar index data we used a 12-month smoothing of the E81 index.
Figs. 1 and 2 demonstrate that it is actually so. Figure 1 shows the relative trends (without getting rid of the geomagnetic activity effects) of the same type as considered by Mikhailov (1999, 2001 ) and Marin (2000, 2001) , calculated using the R12 and E81 indices. One can see that for both stations and for all LT moments the trends derived with the help of E81 are slightly but systematically higher than the trends based on R12. The difference may not look very large but it influences the statistical significance of the trends derived. For example, for the Leningrad station five points for E81 are above the 90% significance level by the Fisher criterion, whereas for R12 there is only one such point.
Figure 2 provides a similar example. This time the trends themselves are the same if R12 or E81 is used, but the correlation coefficient squared (which determines the statistical significance by the Fisher criterion if the number of points is fixed) is considerably higher for E81 than for R12.
The above considerations determined the choice of the E81 index as a solar activity index in the calculations described in this paper. This choice has one small disadvantage: there are data for the E81 index only since 1948. For the results presented below it is sufficient. However, if the data for this index for much earlier years existed, one could try to analyze in the way described here the data of the Slough station since the 1930s.
Thus, the initial data for the calculations of nongeomagnetic trends were 12-month running mean values of foF2 and the E81 index. Due to the essence of the method, all years within any chosen 30-year interval were used and no attempts were made to use only the years of solar maxima and minima, as it has been done in many papers dealing with the relative trend method.
Calculations
After the calculation of the k(tr, ave1) values for the given station for each particular moment of LT, a table was compiled. Typical examples of this table for a high-latitude station (Kiruna) and a mid-latitude station (Tashkent) are presented in Tables 1 and 2 . Such tables were compiled for every station and they were the main material for checking the computing program operation and deriving a final value of the nongeomagnetic trend k(tr, ave2) for the particular station. Each table contains: local time, the correlation coefficient r(δf oF2, Ap), the correlation coefficient Only the years around maxima and minima of solar activity since 1965 were used (see Danilov and Mikhailov, 1999) .
r[k(obs), k(Ap)], the a 1 coefficient, the correlation coefficient r[k(tr), k(Ap)], the trend value k(tr, ave1) and the standard deviation σ (1). The column "accepted" shows the values of k(tr, ave1) accepted for the averaging over LT and obtaining a final value of k(tr, ave2) for the given station.
The correlation coefficient r(δf oF2, Ap) shows the correlation between the deviations of foF2 from the regression model (in terms of solar activity index, for details see Danilov and Mikhailov, 1999) δfoF2, and the Ap index. The stronger the geomagnetic influence on foF2 for this particular station and LT moment is, the higher the modulus would be of r(δf oF2, Ap). It is evident that it is easier to get rid of the geomagnetic activity effect in the k(obs) when the relation between foF2 and Ap is well pronounced. This is why, as a rule, the most stable picture is observed when r(δf oF2, Ap) is above 0.4. When r(δf oF2, Ap) is low, very often the picture is unstable and the trend obtained for the particular LT is less than the standard deviation. It is worth remembering that the k(tr, ave1) value for each LT moment is a result of the averaging over all the 30-year intervals used (available) for this particular station. If the geomagnetic effect is weakly pronounced, it has not been removed properly and the k(tr) values for each 30-year interval show strong scatter which is manifested in high values of σ (1).
All the above-said is illustrated by Table 1 . We see that for LT = 22, 00, 02, 04, and 06 hours the modulus of r(δf oF2, Ap) is small and the corresponding values of k(tr, ave1) are less than σ (1). This fact is indicated in the last column of Table 1 and explains why the k(tr) values for the LT moments indicated were not included in the calculation of the final average value of the trend k(tr, ave2) shown at the bottom of the table.
Therefore, as a first criterion for accepting or rejecting the k(tr, ave1) values obtained for each particular LT moment we used the criterion that the modulus of r(δf oF2, Ap) should not be less than 0.1. The value is slightly arbitrary and is based only on the numerous "plays" with the tables similar to Tables 1 and 2 . If this criterion is broken, it is shown in the Comments column as r < 0.1 (see Table 2 , 00:00 LT).
The "trend < σ " situation mentioned above is the second out of the three criteria. The third criterion is that the sign of the r(δf oF2, Ap) for every 30-year interval considered should be the same. If the sign changes during the entire period considered (for example, it is positive for the intervals and is negative for the 1965-1994, 1966-1995 intervals, or vice versa) the picture is unstable and the corresponding trend is not accepted and this fact is indicated as "plus/min" in the Comments column. As a rule, the "plus/min" situation is accompanied by invalidating other criteria for accepting k(tr, ave1) for this particular hour (in Table 1 for 00:00 LT all three criteria are not valid).
It should be especially emphasized that if one of the above three criterion is not valid, it does not mean that the k(tr, ave1) for this particular LT moment is necessarily close to zero or very small. It merely means that for this particular hour the initial data were not good enough for the method described to be used and so the scatter of the k(tr) obtained is large or the correlation between δfoF2 and Ap is low, the latter fact making it difficult to get rid of the geomagnetic effect. "The data were not good" means that for one or a few years the monthly mean values for this particular LT initially used differ significantly from the values for the other LT.
One can see from Tables 1 and 2 that k(tr, ave1) values acceptable for further averaging are not always obtained for all 12:00 LT moments considered because of the criteria for the acceptance described above. In particular, for the Kiruna and Tashkent stations (Tables 1 and 2 ) only 7 and 10 k(tr, ave1) values, respectively, are accepted and used to derive k(tr, ave2) for these stations. Only for 5 stations were all 12 k(tr, ave1) values accepted, with the least number of the values being 7 (Kiruna, Rome, and Irkutsk).
The analysis of the tables similar to Tables 1 and 2 shows that the signs of the a 1 coefficient and r[k(obs), k(Ap)] are always opposite without a single exception. It follows from the essence of the method, so this fact was used to Table 1 check the results of the k(tr, ave1) calculations by the program. There should be a negative correlation between a 1 and r[k(obs), k(Ap)]. In an ideal case (if there were no scatter of the initial foF2 data) the correlation coefficient R1 between these two values would be equal to unity. However, in reality, it lies within the minus 0.70-0.99 interval, with the vast majority of the values of R1 being below −0.9. The values of the R1 coefficient for the Kiruna and Tashkent stations are shown at the bottom of Tables 1 and 2 , respectively.
The second coefficient shown at the bottom of Tables 1 and  2 is the correlation coefficient R2 between a 1 and r(δf oF2, Ap). On the average, it is of about minus 0.6-0.8, with a few values below minus 0.9 and the least absolute value −0.33 shown for the Tashkent station in Table 2 . One should not expect a very high value of R2, because a 1 includes a scaling factor (see above) which may change independently of the relation between δfoF2 and Ap. However, for all the stations considered (except four) the fact that the values of R2 are statistically significant at the 95% level according to the Fisher criterion, they have the same sign (minus), and for some stations (Kiruna, Salekhard, Moscow) they are below −0.95, demonstrates that a 1 also includes the degree of the relation between δfoF2 and Ap. This is exactly what was assumed by Danilov (2002b) on the basis of the Sverdlovsk station analysis.
All the coefficients were used to check the computation results and to analyze the trends obtained. They also help in understanding how the method works and what is happening at each particular station. The consistence of the results obtained for the various stations (the same sign of the k(tr, ave2) trend, the high negative value of R1, and the negative values of R2 for all stations) is a confirmation of a correctness of the method providing trends independent of geomagnetic activity. 
Results
The results of the analysis for all 23 stations considered are shown in Table 3 . It shows that for the vast majority of the stations, the value of k(tr, ave2) obtained as a result of the averaging of all accepted values of k(tr, ave1) over a day is a factor of 2-4 higher than the standard deviation σ (2) which characterizes the scatter of the k(tr, ave1) values accepted for each station and used for the averaging over LT. Actually, in all cases except two (the Alma-Ata and Sverdlovsk stations) the modulus of k(tr, ave2) is higher than 2σ (2). For the Alma-Ata station a low value of k(tr, ave2) is obtained which differs significantly from the values for other stations, so the k(tr, ave2) value for this station was excluded from further analysis, as well as a very high value k(tr, ave2) = −0.0034 obtained for the Sodankyla station. We have no explanation why the trends finally derived for these stations differ so much from the quite consistent results for the rest of the stations, but may assume that it may be due to some irregularities in the initial data. In our analysis we restricted ourselves by the middleand high-latitude stations (the modulus geographic latitude ϕ > 30 • ). The relation between foF2 and geomagnetic activity in the equatorial zone may be rather complicated due to the complicated processes occurring in the equatorial ionosphere during geomagnetic disturbances (see reviews by Danilov, 2001; Proells, 1995) . One can see in Table 3 that there is only one station in the ϕ = 30 − 40 • range in the Northern Hemisphere, so to fill in the gap we attracted two Southern-Hemisphere stations, Canberra and Mundaring. Table 3 shows that, if we withdraw the Sodankyla and Alma-Ata stations, we have quite a consistent picture of the nongeomagnetic trend: the values of k(tr, ave2) for the rest of the 21 stations lie within the −0.00062 to −0.00196 per year interval.
We have mentioned above that the main features of the trends derived by Mikhailov (1999, 2001 ) and Marin (2000, 2001) were their variations with local time and geomagnitic latitude, a fact encouraging Marin (2000, 2001) to put forward their geomagnetic control concept. This is why it is important that the nongeomagnetic trends looked for in this paper are independent of the geomagnetic latitude and not to show the typical diurnal behavior. Figure 3 shows the dependence of the k(tr, ave2) values in Table 3 on the modulus of the geomagnetic latitude shown in the same table. One can see that there is no pronounced systematic dependence of the nongeomagnetic trends derived for each station on the modulus of the geomagnetic latitude of this station . It is in complete contrast to the trends derived in the above-mentioned papers. For example, the difference between the foF2 trends for high-latitude and lowlatitude stations was a factor of 5-7 in Danilov and Mikhailov (1999) . There is no pronounced dependence of k(tr, ave2) on the geographic latitude ϕ (Fig. 4) . Both figures show that there is a scatter of the data, but no statistically significant Table 3. dependence on ϕ or . The approximation formally drawn (lines in Figs. 3 and 4) provides such a small difference between 30 and 75 • (about 0.0001-0.0003) that the latter is negligible as compared with the scatter of the k(tr, ave2) values for individual stations. The visual impression is confirmed by a statistical evaluation. For example, the Fisher F parameter needed to have a significance level of 90% for 21 points should be 2.96, whereas for the data in Figs. 3 and 4 it is only 1.24 and 0.036, respectively.
To consider the diurnal variations of k(tr, ave2) is a slightly more difficult task. We have seen above that for many stations not all local times were finally accepted for further averaging due to the three restrictions (criteria) superimposed. For some stations there is some sort of k(tr, ave1) variation with LT, but no consistent picture is obtained for all stations. To illustrate this point we have drawn Fig. 5 . For 8 high-latitude stations (the first 8 lines in Table 3) we have calculated for every LT moment (for which there was a k(tr, ave1) accepted) the ratio of this trend to the average value for this station k(tr, ave2) shown in Table 3 . The obtained ratio is shown in Fig. 5 . One can see from this figure that there is a scatter of the data but no systematic changes in the ratio (and this means of the k(tr, ave2)) with LT.
Thus, we may state that the trends obtained show no pronounced dependence on the geomagnetic latitude or local time. Both these dependencies are typical for the trends induced by the long-term changes in geomagnetic activity. Therefore, we may state that the trends derived in this paper are actually nongeomagnetic trends.
If we average the k(tr, ave2) values for 21 stations (excluding Alma-Ata and Sodankyla) shown in Table 3 , we ob- Table 3 . tain the value k(tr, ave3) = −0.0012 per year with the standard deviation σ (3) = 0.0004. Thus, the k(tr, ave3) finally accepted is higher than 2σ . It shows that from 1958 to the middle of the 1990s the value of foF2 has been systematically decreasing by 0.12% per year. If conventionally we Table 1 accept the average value of foF2 to be equal to 10 MHz, the above relative trend means an absolute decrease in the F2-layer critical frequency by 0.012 MHz per year.
The above value itself may seem small enough. But it means a decrease in foF2 from 1958 to the present day by about 0.5 MHz (if we compare identical conditions), which is not a very small value for the vertical sounding. However, as we have indicated in the Introduction, the main importance of detecting a nongeomagnetic trend is its very probable relation to the problem of possible changes in the thermosphere due to an anthropogenic impact.
If the trends of foF2 detected are of an anthropogenic origin, one can expect their change with the decades passing. For the analysis described above we have chosen the time interval after 1958 (see above Sect. 2: the method and data section). However, for some stations considered there are data for the earlier years, mainly from 1947. For these stations we considered additionally the period 1948-1985 (for some stations the period began a year or two later, because the observations have started later) and compared the results with the trends shown in Table 3 .
First of all, the difference was seen in the process of making the calculations. For many stations the picture for the 1948-1985 period is much less stable than for the 1958-1995 period. The trend k(tr) is less and the data scatter between various 30-year intervals is stronger, so for many LT moments the k(tr, ave1) values are less than the standard deviation σ 1 . A comparison of the calculations for the Slough station for the two periods is shown in Table 4 . The difference is visual: for the 1958-1996 period the trends for all 12:00 LT moments are higher than σ 1 , so all 12 values are accepted for the further averaging and they provided the value of k(tr, ave2) = −0.00112 per year with σ 2 = 0.00034. For the 1948-1985 period the trends for 00:04-16:00 LT are less than σ 1 , so only the k(tr, ave1) values for 18:00-00:02 LT were acceptable for further averaging (except midnight when the trend magnitude is only slightly less than σ ) which gave the value of k(tr, ave2) = −0.00064 per year with σ 2 = 0.00010. Thus, for this particular station the trend for the earlier time period is found to be almost half that for the later period . Table 5 shows the comparison of the k(tr, ave2) values for We have already mentioned above that, as far as we had excluded the impact of two principal natural factors influencing foF2 long-term changes, we may believe that the nongeomagnetic trends obtained are of an anthropogenic origin. If this is true, one would expect an increase in these trends with time during the recent decades. This is exactly what we obtained by comparing the trends for 1948-1985 and for 1958-1995. There is an obvious wish to simultaneously consider with the foF2 data the data on hmF2 as well. Unfortunately, the data on hmF2 are much more scarce. There is no data for the period before 1958, so the comparison of the later and earlier periods is impossible. However, the main problem is that the hmF2 data are much less reliable than the data on foF2. This fact is widely known and we are not going to go into details. We just mention that the consideration of the hmF2 relative trends (without excluding the geomagnetic activity effect) by Marin et al. (2001) shows that the picture with the hmF2 trends is much less stable than with the foF2 trends. Actually, the trends derived may depend even on the method used to recalculate the hmF2 values from the initial vertical sounding data.
All the above-said is aimed to explain why, in this paper, we deliberately avoided considering the hmF2 nongeomagnetic trends and prefered to limit ourselves only by the foF2 trends. The hmF2 trends need special consideration.
Conclusions
The method proposed by the author earlier (Danilov, 2002b) was applied to the foF2 observations in the period between 1958 and the mid-nineties at 23 ionospheric stations located at middle and high latitudes of the eastern hemisphere, to derive the long-term trends independent of geomagnetic activity. The results obtained are quite consistent: for all 23 stations the trend is negative. If we withdraw the results for two stations (Alma-Ata and Sodankyla, providing a strong deviation of the k(tr, ave2) from the value for other stations, the k(tr, ave2) for the rest of 21 stations lies within the interval from −0.00062 to −0.00196 per year.
No variations of the nongeomagnetic trend derived are found with geomagnetic and geographic latitude, or local time. This makes it possible to average the k(tr, ave2) values for all 21 stations, to derive the mean trend k(tr, ave3) = −0.0012 per year with the standard deviation σ (3) = 0.0004.
The analysis of the data since 1948, available for a few stations, shows that the trends for the period 1948-1985 are less (on the average, by a factor of 1.6) than for the period between 1958 and the mid-nineties. This fact is a strong argument in favor of the assumption that the nongeomagnetic trends derived are of an anthropogenic origin and manifest long-term changes in thermospheric parameters due to the upper atmosphere contamination.
A detailed discussion of the problem of the long-term changes in the upper atmosphere is out of the scope of this paper. We refer the readers to the Proceedings of the Second Workshop on the Trends in the Atmosphere (Prague, July 2001) in a special issue of the Journal of Physics and Chemistry of the Earth (2002). Here we mention two pertinent points.
First, there is little doubt now that there are long-term changes in the upper mesosphere (including a temperature trend). These changes should be inevitably manifested in long-term trends of thermospheric parameters. Some authors even claim a "subsidence" of the entire upper atmosphere.
There is a paper by Keating et al. (2000) in which some confirmation of the assumption of long-term changes in the thermosphere is obtained on the basis of the many-year satellite observations. If there is a depletion of the density at the 350 km height derived by Keating et al. (2000) , one should expect changes in other thermospheric parameters at the F2-layer height which may lead to changes in foF2 and hmF2. The results obtained in this paper may be one of the manifestations of these changes.
